Recent studies have described a biochemical pathway whereby lysosome disruption and the released proteases initiate the intrinsic apoptotic pathway. Irradiation of murine hepatoma 1c1c7 cells preloaded with the lysosomal photosensitizer NPe6 (N-aspartyl chlorin e6) caused a rapid loss of Acridine Orange staining of acidic organelles, release of cathepsin D from late endosomes/ lysosomes and the activation of procaspase-3. Pretreatment of NPe6-loaded cultures with 10-50 µM 3-O-MeSM (3-O-methylsphingomyelin) caused a concentration-dependent suppression of apoptosis following irradiation. This suppression reflected a stabilization of lysosomes/endosomes, as opposed to an inhibition of the accumulation of photosensitizer in these organelles. Exogenously added sphingomyelin, at comparable concentrations, offered some protection, but less than 3-O-MeSM. Fluorescence microscopy showed that 3-O-MeSM competed with NBD-C 6 -sphingomyelin (6-{[N-(7-nitrobenz-2-oxa-1,3-diazol-4-yl)-amino]hexanoyl} sphingosyl phosphocholine) for co-localization with LysoTracker Red in acidic organelles. Pre-treatment of 1c1c7 cultures with 3-O-MeSM also suppressed the induction of apoptosis by TNFα (tumour necrosis factor α), but offered no protection against HA14-1 [ethyl 2-amino-6-bromo-4-(1-cyano-2-ethoxy-2-oxoethyl)-4 H-chromene-3-carboxylate], staurosporine, tunicamycin or thapsigargin. These results suggest that exogenously added 3-O-MeSM is trafficked to and stabilizes late endosomes/lysosomes against oxidant-induced damage, and further implicate a role for lysosomal proteases in the apoptotic processes initiated by TNFα and lysosomal photosensitizers.
INTRODUCTION
The endosomal/lysosomal system consists of a complex and dynamic set of cytosolic compartments that are involved in the turnover of cellular proteins, down-regulation and recycling of cell-surface receptors and lipid components, release of recycled nutrients, destruction of pathogenic organisms and antigen processing [1] [2] [3] . Lysosomes are the main storage vesicles for acidic hydrolases and proteases. It is thought that protein degradation occurs when lysosomes fuse with late endosomes or autophagic vacuoles and release all or part of their contents.
The membrane structure enclosing lysosomes and late endosomes creates an environment suitable for storage and activation of resident degradative enzymes, and protects the cell from unwanted autoproteolysis. Cell death can occur if the integrity of the endolysosomal membrane is compromised. Indeed, the proapoptotic effects of many agents are related to their abilities to cause the release/translocation of endolysosomal proteases to the cytosol. Examples of such agents include reactive oxygen species [4] [5] [6] , generators of reactive oxygen species [4, 7, 8] , sphingosine [9, 10] , α-tocopheryl succinate [11] , amyloid β-peptide [12] and TNFα (tumour necrosis factor α) [10, 13, 14] .
Diverse experimental approaches have implicated lysosomal proteases in the initiation of apoptosis. In the case of TNFα, several investigators have reported that the cytokine stimulates the release/translocation of lysosomal proteases into the cytosol [10, 13] . The induction of apoptosis by TNFα has been suppressed by pharmacological and molecular modulation of lysosome/endosome function or stability [15, 16] , by the induction of lysosome exocytosis before cytokine exposure [16] and by preincubation of cultures with inhibitors of the lysosomal protease cathepsin B [17] . Furthermore, cathepsin B null mice and cells derived from such mice are resistant to the cytotoxic effects of TNFα [13, 17] . The abilities of extracts of purified endosomes/ lysosomes [8, 18, 19] and purified cathepsins [20] to convert Bid into tBid provide a plausible mechanism whereby lysosomal/ endosomal disruption could lead to the release of cytochrome c and activation of the intrinsic apoptotic pathway.
Pharmacological and molecular approaches for inhibition of sphingomyelinases and ceramidases (enzymes involved in the generation of ceramide and its conversion into sphingosine) suppress TNFα-mediated lysosomal damage and apoptosis in several models [21] [22] [23] . The bases for these effects are not known, but may relate to the putative detergent properties of sphingosine [9, 10] . We recently found that pre-treatment of murine hepatoma 1c1c7 cells with 3-O-MeSM (3-O-methylsphingomyelin), a putative inhibitor of neutral sphingomyelinase [24] , potently suppressed TNFα-induced apoptosis. However, an inability to obtain comparable effects with a different neutral sphingomyelinase inhibitor suggested that 3-O-MeSM might mediate its antiapoptotic effects via another mechanism. Accordingly, we examined the possibility that 3-O-MeSM may affect the stability of lysosomes/endosomes. As a test model, we examined the effects of 3-O-MeSM in a PDT (photodynamic therapy) protocol involving the photosensitizer NPe6 (N-aspartyl chlorin e6). We previously reported that NPe6 co-localizes exclusively to a Abbreviations used: AMC, 7-amino-4-methylcoumarin; Ac-DEVD-AMC, acetyl-Asp-Glu-Val-Asp-AMC; AhR, aryl hydrocarbon receptor; AO, Acridine Orange; CCD camera, charge-coupled-device camera; CHX, cycloheximide; ER, endoplasmic reticulum; HA14-1, ethyl 2-amino-6-bromo-4-(1-cyano-2-ethoxy-2-oxoethyl)- 4 H-chromene-3-carboxylate; HSP70, heat-shock protein 70; LTR, LysoTracker Red; MEM, α-minimal essential medium; SM, sphingomyelin; NBD-SM, 6-{[N-(7-nitrobenz-2-oxa-1,3-diazol-4-yl)amino]hexanoyl} sphingosyl phosphocholine or NBD-C 6 -sphingomyelin; NPe6, Naspartyl chlorin e6; 3-O-MeSM, 3-O-methylsphingomyelin; PDT, photodynamic therapy; TNFα, tumour necrosis factor α. 1 To whom correspondence should be addressed (email john.reiners.jr@wayne.edu).
subpopulation of LysoTracker-stained acidic organelles in cultures of murine hepatoma 1c1c7 cells [8] . In PDT, light-activated photosensitizers generate a pulse of singlet oxygen in the immediate vicinity of the activated sensitizer [25] . Indeed, irradiation of NPe6-sensitized 1c1c7 cultures leads to the rapid loss of AO (Acridine Orange)-stained acidic organelles, release of lysosomal proteases and the chronologically ordered (i) cleavage of Bid, (ii) release of cytochrome c and (iii) activation of procaspase-9 and -3 [8, 19, 26] . The present study indicates that exogenous 3-O-MeSM is trafficked to acidic organelles and prevents their disruption and induction of apoptosis in NPe6/PDT. Furthermore, pre-treatment with 3-O-MeSM also suppressed the induction of apoptosis in 1c1c7 cultures by TNFα, another putative disruptor of endosomes/lysosomes. However, the sphingolipid did not prevent the induction of apoptosis by agents that do not target and disrupt acidic organelles.
EXPERIMENTAL

Reagents
The fluorescent molecules AO, LTR (LysoTracker Red), HO33342 and NBD-SM (6-{[N-(7-nitrobenz-2-oxa-1,3-diazol-4-yl)amino]hexanoyl} sphingosyl phosphocholine or NBD-C 6 -sphingomyelin) were purchased from Molecular Probes (Eugene, OR, U.S.A. 
Cell culture
Murine hepatoma Hepa 1c1c7 cells were obtained from Dr J. P. Whitlock, Jr (Stanford University, Stanford, CA, U.S.A.). Adherent cultures were established in either commercially obtained culture dishes or on poly(L-lysine)-coated coverslips. Cells were grown in α-MEM (α-minimal essential medium) supplemented with 5 % (v/v) fetal bovine serum and antibiotics in a 5 % CO 2 atmosphere, at 37
• C. Cultures were plated at densities ensuring exponential growth for at least 3 days. The medium was changed 2 days after plating. Treatments were performed on day 3 of culture.
PDT
Subconfluent cultures were washed twice with PBS before being re-fed with the complete medium containing NPe6. After a 60 min loading period, the cultures were washed three times with PBS, re-fed and then irradiated. Cultures were irradiated for 10-80 s at room temperature (24 • C) using a 600 W quartz-halogen lamp with IR radiation attenuated by a 10 cm layer of water and an 850 nm cut-off filter. The bandwidth was further confined to 650-700 nm by a broadband interference filter. Light intensity at wavelengths of NPe6 absorbance was 1.5 mW/cm 2 . Hence, 1 s of irradiation corresponds to 1.5 mJ/cm 2 .
NPe6 loading analyses
The method employed for the measurement of cell-associated NPe6 is similar to a recently published procedure [19] . Subconfluent monolayers grown in 35 mm culture dishes were washed thrice with PBS and re-fed with complete medium containing 11, 22 or 33 µM NPe6. After 60 min, the cultures were washed three times with PBS and flooded with 1.5 ml of water containing 0.5 % Triton X-100. The cultures were scraped 5-10 min later with a rubber policeman and lysates were transferred to conical tubes. Plates were washed once with an additional 1.5 ml of the Triton X-100 solution, and the washes were added to the original lysates. Parallel plates were treated with trypsin/EDTA, and cell numbers were determined with a haemocytometer. NPe6 contents were determined by analysis of the fluorescence signature of NPe6. Specifically, lysates were excited at 400 nm and fluorescence emission was determined with an Instaspec IV CCD (chargecoupled-device) camera (Oriel, Stratford, CT, U.S.A.) coupled with a monochronometer. The CCD was set for a 0.5 s scan in single scan mode. Emission spectra were read at their peaks (∼ 660 nm) and recorded in FU (fluorescence units). The 0.5 % Triton X-100 solution was used to establish a baseline. NPe6 content per cell is expressed as FU/10 3 cells.
DEVDase assay
Procaspase-3 and -7 activations were analysed by monitoring the generation of AMC from the caspase substrate Ac-DEVD-AMC. The procedures used for the harvesting of cells and measuring DEVDase activity have been described in detail in [19] . Changes in fluorescence over time were converted into pmol of product by comparison with a standard curve made with AMC. DEVDasespecific activities are reported as nmol of product · min −1 · mg protein −1 . The bicinchoninic acid assay, using BSA as a standard, was used to estimate protein concentrations.
Western-blot analyses
The reagents and procedures used for the preparation and processing of cell lysates, SDS gel electrophoresis and immunodetection of caspase 3 have been described in detail in [19] .
Immunofluorescence detection of cathepsin D
Cultures grown on poly(L-lysine)-coated coverslips were washed three times with PBS and fixed in 4 % (w/v) paraformaldehyde/ PBS solution for 30 min. Thereafter, the fixed cells were washed three times with PBS and permeabilized with methanol for 5 min on ice. After washing (3× PBS), non-specific autofluorescence was quenched with 100 mM glycine/PBS for 30 min. Subsequently, three washes were carried out with PBS/0.1 % saponin. The coverslips were washed and incubated with blocking buffer (5 % BSA/PBS/0.1 % saponin) for 1 h at 37
• C to block non-specific immunoglobulin binding. The coverslips were washed and incubated with a 1:20 dilution of rabbit anti-human cathepsin D antibody (Oncogene Research Products, San Diego, CA, U.S.A.) and a 1:1000 dilution of the 1D4B rat antimouse Lamp-1 antibody (Development Studies Hybridoma Bank, Department of Biological Sciences, University of Iowa) in blocking buffer for 2 h at 37
• C. After washing, secondary detection consisted of 1:200 dilutions of AlexaFluor 488 goat anti-rabbit IgG and AlexaFluor 546 goat anti-rat IgG (Molecular Probes) in blocking buffer for 1 h at 37
• C. Coverslips were washed and incubated for 5 min at room temperature with 500 nM HO33342/PBS. After a final wash, the coverslips were inverted on to glass slips coated with SlowFade solution (Molecular Probes) and sealed with acrylic nail polish. Digital images were 
Fluorescence microscopy of non-fixed cultures
Cultures growing in 35 mm tissue culture dishes were exposed to 100 nM LysoTracker Red. After 30 min, the cultures were treated with 5 µM NBD-SM. At this time, some cultures were concurrently treated with various concentrations of 3-O-MeSM. After 20 min of incubation, 500 nM HO33342 was added to the culture medium. After an additional 10 min of incubation, the cultures were washed three times with the medium and the cultures were imaged. All incubations were performed under routine cell-culture conditions (37 • C, 5 % CO 2 and α-MEM + 5 % fetal bovine serum). The filter cubes employed for fluorescence microscopy utilized exciter/emitter/beam splitter wavelengths of 500/ 535/515 nm for NBD-SM, 365/420/395 nm for HO33342 and 515/590/580 nm for LTR.
In PDT studies, approx. 50 min after irradiation, cultures were incubated simultaneously with 500 nM HO33342 and 500 nM AO for 10 min before being sequentially imaged using filter cubes that captured red (AO in an acidic pH environment), green (AO in a neutral pH environment) and blue (HO33342) fluorescence. The filter cubes used for capture of red and green AO fluorescence employed exciter/emitter/beam splitter wavelengths of 365/420/395 nm and 500/535/515 nm respectively. Digital images were captured with an Axiovert 200M fluorescence microscope (Carl Zeiss). The black and white images generated during the capture of AO red fluorescence were inverted in order to quantify AO-stained acidic organelles. Following inversion, backgrounds appeared white, cells appeared light grey and lysosomes/ endosomes stood out as discrete black dots. 
Statistical analyses
Data were analysed by one-way ANOVA and Tukey's Multiple Comparison Test (Prism, GraphPad Software, San Diego, CA, U.S.A.). Differences between/among groups were scored as statistically significant if P < 0.05.
RESULTS
Selective suppression of apoptosis by 3-O-MeSM
Co-treatment of 1c1c7 cultures with TNFα and CHX induced morphological changes consistent with the development of apoptosis (results not shown), and the activation of procaspase-3 and -7, as monitored by measurement of DEVDase activity ( Figure 1A ). Elevations in DEVDase activity correlated with procaspase-3 processing, as determined by Western-blot analyses ( Figure 1B) . Co-treatment with 3-O-MeSM suppressed the activation of DEVDase in TNFα + CHX-treated cultures in a concentration-dependent fashion. Whereas 20 µM concentration affected neither the kinetics nor the magnitude of DEVDase activation, significant suppression was achieved with 50 µM 3-O-MeSM ( Figure 1A ). Reductions in DEVDase activities were mirrored by decreases in the processing of procaspase-3 (Figure 1B) . By itself, 3-O-MeSM did not activate DEVDase or the processing of procaspase-3 ( Figures 1A and 1B) . Figure 2D) . Indeed, every cell was shrunken and decorated with apoptotic blebs within 3 h of HA14-1 treatment, irrespective of treatment (results not shown).
Effects of 3-O-MeSM on PDT-induced procaspase activation
Several studies have implicated a role for neutral sphingomyelinase in the initiation of the proapoptotic effects of TNFα [21, 23] . Concentrations of 3-O-MeSM having antiapoptotic effects in our TNFα studies have been reported by others to inhibit neutral sphingomyelinase activity [24, 27] . However, attempts to duplicate the protective effects of 3-O-MeSM with G4869, a recently described inhibitor of neutral sphingomyelinase [23] , were unsuccessful (results not shown). Consequently, we entertained the possibility that 3-O-MeSM may mediate its protective effects by modulating lysosome/endosome stability.
Irradiation of 1c1c7 cultures preloaded with 33 µM of the lysosomal photosensitizer NPe6 activated DEVDase in a light dosedependent manner ( Figure 3A) . Co-treatment of NPe6-sensitized cultures with 50 µM 3-O-MeSM inhibited DEVDase activation following irradiation ( Figure 3A) , and the processing of procaspase-3 ( Figure 3B ). Suppression was light dose-dependent and maximal at the lower light doses. The degree of suppression was also dependent on 3-O-MeSM concentration. Specifically, DEVDase specific activities progressively decreased as 3-OMeSM concentrations increased over the range 10-50 µM. This concentration dependence was seen following irradiation for either 80 s ( Figure 3A) or 40 s ( Figure 3C ).
3-O-MeSM is structurally similar to SM with the exception of the substitution of a methoxy group for a hydroxy group on C-3. Co-treatment of NPe6-sensitized 1c1c7 cultures with various concentrations of SM before irradiation had moderate effects on DEVDase activities after irradiation ( Figure 3C ). PDTinduced DEVDase activities were suppressed approx. 25-30 % by co-treatment with SM. However, unlike what was observed with 3-O-MeSM, the suppressive effect of SM did not dramatically change at concentrations above 10 µM SM ( Figure 3C ). Co-treatment of cultures with concentrations of GW4869 sufficient to completely inhibit neutral sphingomyelinase in vitro, and just below the threshold of insolubility in our culture media (∼ 6 µM), did not prevent PDT-induced apoptosis ( Figure 3D) . Similarly, pretreatment of cultures with concentrations of desipramine reported to rapidly reduce acidic sphingomyelinase activities in several cell types [28] [29] [30] offered minimal protection in the PDT protocol ( Figure 3E ). Hence, it seemed unlikely that the protective effects of 3-O-MeSM in our PDT protocol reflected its functioning as a putative modulator/inhibitor of neutral or acidic sphingomyelinases.
Effects of 3-O-MeSM on cellular NPe6 contents
We previously demonstrated that the proapoptotic effects of NPe6 in PDT are related to the concentration of NPe6 used for sensitization [19] . We also showed that meaningful comparisons of different cell lines in NPe6 PDT require that analyses be made with cells having comparable NPe6 loads [19] . Hence, the issue arose as to whether the effects of 3-O-MeSM in our PDT model reflected alterations in NPe6 loading. sensitization time was 60 min) did not affect NPe6 loading (Figure 4B) . Hence, the reduced DEVDase activities observed in NPe6 PDT were not the consequence of alterations in NPe6 loading.
3-O-MeSM suppression of PDT-induced acidic organelle breakage
AO-stained acid organelles in 1c1c7 cultures exhibited a punctate pattern ( Figure 5A ). This pattern was not particularly affected by a 1 h preincubation with 33 µM NPe6 ( Figure 5B) , 80 s of irradiation ( Figure 5C ) or preincubation with 50 µM 3-O-MeSM ( Figure 5D ). However, AO staining was dramatically decreased in cultures sensitized with 33 µM NPe6 and irradiated for 40 s (Figure 5E) , and further reduced in sensitized cultures that had been irradiated for 80 s ( Figure 5I ). Analyses of 25-35 individual cells that had been sensitized with 33 µM NPe6 indicated that irradiation for 40 or 80 s reduced the number of AO-stained organelles per cell by ∼ 67 % and ∼ 92 % respectively ( Figure 6A ).
Co-treatment of NPe6-sensitized cultures with 3-O-MeSM prevented irradiation-induced loss of AO staining (Figures 5F-5H and 5J-5L). Quantification of AO-stained organelles in individual cells demonstrated that the protective effect was concentrationdependent over the range 10-50 µM in cultures irradiated for 40 s (Figure 6A ). Indeed, co-treatment with 50 µM 3-O-MeSM completely prevented the loss of AO-stained organelles in NPe6-sensitized cultures irradiated for 40 s. Protection also occurred in NPe6-sensitized cultures irradiated for 80 s ( Figure 6A ). However, in agreement with the DEVDase data presented in Figure 3(A) , the degree of protection mediated by 50 µM 3-O-MeSM was lower in cultures treated with the higher light dose ( Figure 6A ). In contrast, co-treatment of cultures with GW4869, which offered no protection against the induction of PDT-induced apoptosis ( Figure 3D ), did not prevent PDT-induced loss of AO-stained organelles ( Figure 6B) .
As a complement to the above studies, we also monitored the staining patterns of the lysosomal/endosomal membrane protein Lamp-1 [1] and the luminal protease cathepsin D by indirect immunofluorescence microscopy ( Figure 7) . In 1c1c7 cultures, both cathepsin D and Lamp-1 exhibited punctate staining ( Figures 7A  and 7B respectively) . The appearance of orange/yellow staining following overlay of images taken from the same z plane scan suggests co-localization of the two proteins ( Figure 7C ). Following irradiation of NPe6-sensitized cultures, there was a decrease in the cathepsin D signal, but not the Lamp-1 signal, relative to what was observed in control cultures (compare Figures 7A versus 7D and Figures 7B versus 7E respectively) . A less subjective analysis is facilitated by overlay of the cathepsin D (green) and Lamp-1 (red) images. Specifically, whereas there is a little red signal seen in the control group ( Figure 7C Exogenously added NBD-SM is taken up by endocytosis and initially found in early endosomal/sorting vesicles [31] [32] [33] . Thereafter, depending on cell type, it is transported to either the Golgi or late endosomes/lysosomes [31] [32] [33] . NBD-SM-stained 1c1c7 cultures exhibited a punctate pattern that was similar to the pattern obtained with LTR ( Figures 8A and 8B) . Overlay of the two images confirmed that the two fluorescent probes co-localized in some vesicles/organelles ( Figure 8C ). This co-localization was eliminated if NBD-SM and 3-O-MeSM were added within seconds of one another to cultures preloaded with LTR ( Figures 8D-8L) . Furthermore, the competition by 3-O-MeSM with NBD-SM for sites co-stained by LTR was concentrationdependent ( Figures 8F and 8L) .
DISCUSSION
The present study demonstrates that preincubation with 3-OMeSM suppresses the development of apoptosis in NPe6-sensitized 1c1c7 cultures after light activation of the photosensitizer. These effects were paralleled by a suppression of PDT-induced acidic organelle disruption. We previously used this model to demonstrate how a targeted disruption of acidic organelles could initiate the intrinsic apoptotic pathway via proteolytic activation of Bid [8] . A major strength of the model is its specificity. Fluorescence microscopy indicates that virtually all NPe6 fluorescence in 1c1c7 cultures localizes to organelles that are co-stained by LysoTracker Blue [8] . Whereas cathepsin B is released from acidic organelles within minutes of irradiating NPe6-sensitized 1c1c7 cultures [26] , parallel releases of mitochondria-derived cytochrome c and ER (endoplasmic reticulum)-derived Ca 2+ do not occur [8, 34] . Other criteria also support the conclusion that NPe6 does not target mitochondria or the ER. Specifically, we and others have demonstrated that mitochondrial and ER-associated Bcl-2 is extremely sensitive to photodamage by PDT sensitizers that target these organelles, as monitored by the loss of immunoreactivity in Western-blot assays [34] [35] [36] . The NPe6/PDT conditions used in the present study have absolutely no effect on Bcl-2 immunoreactivity in 1c1c7 cultures [34, 36] . Therefore the antiapoptotic effects of 3-O-MeSM in our NPe6/PDT most probably reflect the sphingolipid's ability to suppress acidic organelle damage and membrane permeabilization.
Although 3-O-MeSM pre-treatment was protective in the NPe6/PDT, similar effects were not observed with other classes of proapoptotic inducers. Specifically, 3-O-MeSM either had no effect, or accelerated/potentiated apoptosis initiated by HA14-1, staurosporine, tunicamycin and thapsigargin. HA14-1 is an effective initiator of the intrinsic apoptotic pathway. It functionally inactivates Bcl-2/Bcl-X L , induces Ca 2+ release from the ER and uncouples mitochondrial electron transport, resulting in the loss of mitochondrial membrane potential and release of cytochrome c [37] [38] [39] . Staurosporine is also a potent activator of the intrinsic apoptotic pathway [40] . Tunicamycin and thapsigargin are disrupters of ER/Golgi function and prototypical activators of procaspase-12 and the proapoptotic ER stress pathway [41] [42] [43] . In contrast, 3-O-MeSM suppressed the induction of apoptosis by TNFα over the same concentration range that was effective in the NPe6/PDT. Numerous studies have implicated acidic organelle disruption and released cathepsins in the proapoptotic mechanism of TNFα [10, [13] [14] [15] [16] [17] . Indeed, we have preliminary data suggesting that acidic organelle disruption occurs in TNFα-treated 1c1c7 cultures by a mechanism that can be suppressed by 3-O-MeSM (J. A. Caruso and J. J. Reiners, Jr, unpublished work).
We do not know how 3-O-MeSM modulates acidic organelle fragility/permeability. However, we can eliminate two obvious possibilities. First, reduced sensitivity in our PDT protocol is not due to a suppression of NPe6 loading. Secondly, PDT-induced co-oxidation of dichlorodihydrofluorescein is similar in 1c1c7 cultures in the presence and absence of 3-O-MeSM (J. A. Caruso and J. J. Reiners, Jr, unpublished work). Hence, 3-O-MeSM is not acting as a quencher of singlet oxygen or other reactive oxygen species generated by the method.
Although unproven, we assume that 3-O-MeSM, like NBD-SM [31] [32] [33] , is taken up by endocytosis and trafficked to early endosomes/sorting vesicles. Based on the competition of 3-OMeSM with NBD-SM for co-localization with LTR (Figure 8 ), it appears probable that 3-O-MeSM is trafficked to the acidic organelle compartment within 30 min of its being added to cultures. Zager [44] reported that exogenously added SM moderately protects against oxidant-induced proximal tubule cell injury and suggested that this effect is a consequence of alterations in membrane fluidity. Membrane SMs form the scaffold for incorporation of cholesterol, and cholesterol content influences membrane fluidity [45, 46] . Exogenously added SM offered some protection in our PDT model, but not as much as 3-O-MeSM. This difference may simply reflect differences in the solubilities of the two SMs. In our hands, 3-O-MeSM was clearly the more soluble of the two. Alternatively, the differential protective effects may have to do with differences at C-3. The C-3 hydroxy group on SM can function as either a hydrogen donor or a hydrogen acceptor and, along with the amide group of the sphingolipid, strongly influences lateral interactions with adjacent SM molecules [47] . Conversion of the C-3 hydroxy group into a methoxy derivative may modify SM-SM interactions and cholesterol incorporation/packing such that the fluidity/fragility of organelle membranes is affected. Future studies are directed at examining this possibility.
A limited number of endogenous proteins have been implicated as modulators of lysosome fragility. Examples include the AhR (aryl hydrocarbon receptor) [19] , cathepsin B [17] , Bcl-2 [48] , HSP70 (heat-shock protein 70) [49] and p53 [50] . The AhR is generally perceived as being a ligand-activated transcription factor. However, we have shown that AhR content in cells of the 1c1c7 lineage, in the absence of any exogenous ligand, modulates lysosome susceptibility to disruption by NPe6 in PDT [19] . Recent studies with the same cell lines have also shown that susceptibilities to TNFα and C 2 -ceramide are regulated in a similar AhR content-dependent manner ( [51] and J. A. Caruso and J. J. Reiners, Jr, unpublished work). Gores' laboratory has shown that TNFα-induced lysosomal protease release in hepatocytes is regulated by the lysosomal content of cathepsin B. Specifically, depletion of cathepsin B reduced both TNFα-induced lysosome disruption and hepatotoxicity [17] . In the case of Bcl-2, Brunk's laboratory used multiple approaches to demonstrate that phosphorylated Bcl-2 stabilizes lysosomes against oxidantinduced damage [48] . Similarly, the association of HSP70 with lysosomes has been reported to prevent the disruption of lysosomes by TNFα and H 2 O 2 [49] . In contrast with the above cases, p53 may destabilize lysosomes. Specifically, Yuan et al. [50] recently described a study in which lysosomal destabilization and leakage occurred in a myeloid leukaemic cell line after p53 activation induced by a temperature shift. These effects occurred in the absence of any exogenous cytotoxicant. The mechanisms by which the above proteins modulate lysosomal stability/fragility are not known.
In summary, we have shown that 3-O-MeSM suppresses the disruption of late endosomes/lysosomes caused by a targeted oxidative stress. Given the specificity of the protective effects, 3-O-MeSM may be a useful tool for assessing the contributions of acidic organelle damage and protease release to the cytotoxicities of proapoptotic agents. The present study also raises the issue of whether modulation of sphingolipid content/type can influence susceptibility to specific classes of apoptotic inducers. This question may be particularly germane to diseases with perturbations of SM/cholesterol contents, such as lysosomal storage diseases [52] [53] [54] .
